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ANALYSIS AND. INTERPRETATION OF DYNAMIC RECORDS 
By HOWARD C. ROBERTS l 
SYNOPSIS 
This paper attempts to provide a generalized summary of the problems of 
analysis and interpretation of the data taken in dynamic tests, partiCularly 
with regard to the difficulties ord~narily encountered. It does not include 
detailed descriptions of methods. 
There is a discussion of the economics of the problem, so far as interpreta-
tion and analysis are affected by economic considerations. General methods of 
processing data by tabulation a!ld by graphical methods are given. The prob-
lem of reading and transcribing recorded data is discussed and means of 
simplifying the anal~es are mentioned. There is also a brief description of the 
applications of computing devices and of mathematical instruments in these 
analyses. The effect of sonie limitations in equipment are mentioned. 
Dynamic testing, as discussed in' this 
paper, is simply the performance of tests 
under dynamIc conditions: that is, while 
the unknown magnitudes are varying~ 
The term has been used in a more 
restricted sense, but the broader defini-
tion is used here. . 
The dynamic testing procedure neces-' 
sarily involves the use: ,of measuring 
equipment capable of following rapidly 
changing phenomena, and many applica- . 
tions require the use of multiple-channel. 
equipment, so that simultaneous records 
of events at different locations may be' 
made. Fer the most detailedstudie's, 
many channels 'must be used, since often 
it is not po'ssible to be certain that suc-
cessive ,tests are made und~r identical 
conditions. It may be conjectured that 
if sufficient measuring elements were 
available, and if they were properly 
placed on the structure to be studied, 
one test record could disclose all the 
details of the dynamic behavior of that 
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structure. From the practical standpoint, 
this ,is not usually possible, but a 
moderate n1}m ber of test records, made 
with different installations of gages; cali 
approximate the solution. 
The procedure used in dynamic test-
ing-that is, the use of multiple-channel 
recording equipment and of successive 
tests in different lo'cations on the same 
structure-may be used in static tests of 
'complicated structures. Although the 
same number of gages must be applied, 
. there may be a great saving of time by 
. using ,automatized recording facilities, 
, and when for any reasbn the test time is 
limited, or it is difficult to maintain test 
conditions, the greater cost of the equip-
ment is soon returned. There is a further 
advantage in taking simultaneous records 
in that there are sometimes changes in 
'load, or in reaction, not expected and 
not observed otherwise. 
The dynamic testing procedure may 
be profitably used in many applications. 
It is,of course, essential in measure-
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ments on moving vehicles, projectiles, 
and in high-velocity or impact testing. 
Complete structures may be. studied by 
the application of test forces and record-
ing of reactions. Trailsmission of energy: 
through material usually, in one way or 
another, involves dynamic phenomena .. 
,In more prosaic, terms, buildings sub-
jected to live loads, bridges; highways, 
machine tools- in operation,' vehicles, 
and many other co:o:nl1On engineering 
structures are fit subjects for dynamic 
rv;.PI'C'~ 
V\~r-A ,oclt ' I·· ~ 
Acceleration 
Sinusoidal Non~sinusoidol 
FIG. 1,-Vibration Is a Special Case. 
test procedures. Inertia forces can hardly 
be measured in any other way, Similar 
techniques may be applied to the meas-
urement of other than mechanical mag-
nitudes-heat, for 'example. 
, One, of the. most common dynamic 
pbenomena, and the one ordinarily 
chosen for demonstration pm:posesand 
for instruction, is mechanical vibration. 
Vibra tioD is of course a special case. of 
dynamic behaviOl; the terin implies 
periodicity, and continual r.eturn to an 
initial point. DynamIC beha vior in 
"general is not so. limited. Vibration 
study, however, is important in the 
analysis of dynamic records, if for no 
other reason than that many primary 
elements used in dynamic testing are 
sensitive to one or more of the com-
ponents of vibration, and their own 
behavior may influence the record.' In 
Fig. 1 there a:re two sets of drawings, one 
showing. the response of instruments to 
sinusoidal vibration, the· other the re-
sponse to a non-recurring, non-sinusoidal 
displacement. In each case there are 
instruments responding to displacement, 
to velocity, and to acceleration. The 
differences in the records areconspic-
uous. 
This may not be a suitable example, 
however, since a large part of' the 
dynamic test work in progress at present 
is clone ion terms of strain. Still othel~ 
magnitudes may be mea.sured, and in 
some work must be measured. The selec-
tion of a suitable magnitu.de and of a suit-
able sensitive element for 'its measure-
ment is important, since it may control 
both the adequacy of the test program 
and its cost. 
ECONOMIC AND OTHER PRACTICAL 
CONSIDERATIONS 
'Within the past, few· years the costs 
of all work of this type have increased 
tremendously, and many research proj-
eCts' have become so expensive that 
they have been abandoned. It is es-' 
sential, under present conditions, for the 
directors of any research work to assess 
'the probable costs carefully before mak- ' 
ing any decisions as to type and scope 
. of work. 
Research projects of this kind can be ' 
broadly divided into two major classes: 
laboratory research projects and field 
test projects. The field test projects can 
be divided further in to explora tory and 
detailed programs. There is inevitably 
some overlapping of these c1assifica~ 
tions. -
It is possible with many problems to 
effect a considerable saving of time and 
of cost by conducting part, (and·oc-. 
casionally all), of a test ,program in the 
laboratory .. This requires the designing 
and construction of test pieces which 
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simulate the actual structures found in 
the field .. Such structures may b~ small-
scale models or they may· be portions· 
only of the larger structure; the needs of 
the problem 'will dictate which are the 
. be~ter. The principal advantages of the 
laboratory installation are' that there is 
no cost for transporting and maintaining 
equipment and personnel' at the" test 
location, that tests ,can be scheduled at 
any time without the need for waiting 
until the sought-for phenomena occur, 
and that the conditions of the test can 
be more accurately controlled and more 
readily reproduced. However, corre-
sponding disadvantages are present; the 
cost of producing test models may be 
inordinately high and it may prove ini-
possible to scale-down these models 
accurately, while with some problems 
actual serviCe conditions may prove the 
only possible ones giving usable test 
data. 
In general,. too, laboratory-type tests 
can be considered, only as exploratory, 
since usually the only way in which the 
data can be established as representative· 
is to take some, if not all, of it at the 
actual location. 
Field tests, while usually mOore ex-
pensive are nearly always' more satis-
factory, and their greater cost is partially 
offset by -the fact that laboratory tests 
usually must be followed by at least a 
, few tests in the work location to provide 
checkpoints for analysis. The decision in 
, any instance must be made after con-
sidering the several factors, mentioned, 
here: The possibilities, of the portable 
single-channel recording device (even 
the simple mechanical recording' ex-
tensometer) should not be overlooked. 
Such devices can be effectively used in 
exploratory work; and for single-point 
checking in the field, to supp'ort . lab ora-
tory tests. 
. It is important to note, however, that 
field tests (whether :out-of-doors or 
merely in some location not in the 
laboratory) are almost always accom-
panied ,by two operating difficulties 
which occasionally become major items. 
These are .the greater lapse of time in-
,.volved between taking' ,a test record 
and seeing its data, and the much greater· 
wear and tear 011, the test gear. Labora~ 
tory-used equipment is normally main-
tained as it is used; field use does not 
permit this and involves greater wear 
as well. 
Without regard for the location of the 
test, there are considerable advantages' 
in certain types of· records, and these 
should be considered before beginning 
an extensive program., The two principal 
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FIG. 2.-Drawing or Accelerometer R~cord. 
forms in which data may be recorded 
are these: 'incremental values, in which 
the data are recorded as occurring only 
within a few ranges of values; and. con-
tinuous values, irp.plyingthat the values 
are recorded in graphical form as con-:-
tinuous fuilctions, from which individual 
values can be transcribed. 
Increm:en tal-type records .ha ve the 
advantages of nearly always requiring 
less ·expensive equipment and of pro-
viding data which as recorded have 
been reduced toa type of statistical 
average. Such records, however, cannot 
possibly contain as detail~d, data, par-
ticularly with regard to wave-form and 
, phase changes,as can continuous records 
taken with the recording oscillograph. 
·In spite of this limitation,incremental~ 
. type rec.ords are extremely useful. 
The most widely used incremen tal 
records are those which record in per-
centage increments of uniform or related 
size,. although . some applications are 
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sufficiently well served by equipment 
which indicates simply that the meas-
ured m,!-gnitude is within or without a 
prescribed range. An illustration of such 
percentage increments is shown in Fig. 2 
which represents a section of record 
from a moving-mass accelerometer. This 
instrument comprises Jour spring-sus-
pended masses, each so adjusted that at 
some . specific accelera,tion value an 
electri.cal, contact is closed. The con-
tacts may operate counters directly or 
they may produce their record in some 
· other manner. This drawing is taken 
from a dynamic record made with a 
magnetic oscillograph which Gontained 
in addition to the usual galvanometer 
elements a set of small glow-lamps which 
produced this record. These records 
· must of course be read and transcribed, 
while the counter ,readings need only be 
transferred to the data sheet. However, 
the more detailed record can disclose 
· coincidences which occasionally serve to 
identify unknown phenomena. This is 
also a means of making more recording 
channels available at little extra cost. 
The cruder "pass" and "reject" data 
may be record~d in precisely the same 
manner; it may even prove convenient 
to use an accelerometer indicating only 
accelerations above some prescribed 
value. One widely used and well-known 
example of such an element is the "tilt" 
indicator on the pin-ball machine. 
There is no· doubt, however, that 
more comprehensive and more detailed 
data can be taken as continuous values 
on the recording oscillograph; there is, of 
course, greater difficulty in transcribing 
the more detailed record" Many applica-
tions demand the high resolving power 
of the continuous record.. 
Such continuous records may, be pro'_· 
duced in anyone . of several forms. 
Perhaps the most common is the variable-
deflection trace, in which· the magnitude 
of the datum is indicated by the devia-
tion of the trace from a reference line. 
The trac~ drawn along the top of Fig. 3 
shows the form of a variable-deflection 
record. There are two other well-known 
forms of· oscillograph records in which 
the value of the unknown magnitude is 
indicated· continuously along the record; 
they are the variable-density optical 
record and the variable-width or modu-
lated-envelope record. The varjable-
width record may be produced by a 
light-valve type of recorder, or it may be 
the result of applying a modulated carrier 
wave to an ordinary recording galva-
·nometer; in either case the general 
appearance is the same. The center' 
Variable- . . 11 
deflection ~~ 
Variable" 
denslt)' 1IIlIIIIIIIIIIIIIIIIIIIIIIIIIIIl1llIIIlllIIIIIIIIllllllllIIIIIIll \ 
Variable-
width 
FIG. 3.-Forms of Continuous Records. 
trace in Fig.' 3 represents a variable-
density trace, w)1ile the lowest trace is a 
variable-width or a modulated-envelope 
trace. 
There are other forms of recording 
devices, producing records containing 
the same intelligence but of decidedly 
. different appearance. One of these is the 
pulse-frequency record, in which the 
frequency of occurrence of lmpulses is. 
proportional to the magnitude of the 
measured quantity, and another is the 
pulse-time modulated record, in which· 
pulses are transmitted continually at a 
rate which is altered by the intelligence 
to . be cbnveyed.The accelerometer 
record in Fig. 2 is a type of pulse-fre-
quency record in which the frequency of 
the recorded pulses rna y be considered 
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an indication of the activity of 'the 
system. In Fig. 4 there are· drawn ex-
amples of a· variable-deflection trace, 
showing a sine wave, a. pulse-frequency 
record of the same sine wave, and a 
pUlse-position modulated trace of· the 
same signal. The pUlse-position modu-
lated recording system is especially 
suitable to radio telemetering of data, 
since it may be less infiuenced by at-
mospheric noise than either of the 
others. Pulse-frequency records require 
the least expensive recording facilities, 
and the· variable-deflection oscillograph 
record ordinarily provides the greatest 
resolving power of alL 
Variable-
deflection 
pulse-frequenc), 
modulated ""'U" 1" ,', 
PuI5e'po~ition I'! " " , • • , I ' , ,., r I •• D.,.t.4 
modulated ' '.' " • i !! i' iii i 
FIG. 4.-Sine Wave Displayed by Three Types 
. of Records. 
Exploratory tests may frequently be 
greatly facilitated by the use of pro-
cedures in which more than one phe-
nomenon is recorded on a single trace. 
. Of the many ways by which· this can be 
done, only one example can be given 
here; it is the use of a single-channel 
wire or tape recorder to record the 
outputs of several accelerometers,' along 
with verbal not~s on the test. The 
arrangement consisted of five moving-
mass accelerometers, . each recordrng 
. three different acceleration values; each 
acceleration value for each accelerometer 
was indicated b'y a different musical 
note-1S in all. The record on the wire 
consisted of a series of short musical 
notes which could easily be picked off in . 
tbe laboratory and the data transcribed. 
Through a microphone, verbal notes On 
the test could be added when needed. 
This relatively simple system has the 
advantages· of low cost and bulk, easy 
operation, long records, and easily· ob-
tained equipment and supplies. It can-
not,of course, have nearly so gr~at 
resolving power as more complicated 
systems. A block diagram of the system 
is given as Fig. 5. 
To five tone-
modulated 
accelerometers. 
counters 
FIG. 5.-Tone-Modulated Accelerometer 
Recorder. 
Since in any dynamic test program, 
the "reac;l.ing" of the records is a time-
consliming and· expensive process, it is 
desirable to eliminate as much of this 
task as possible. One means of doing this 
is through the use of electrical combining 
circuits. It is possible, for example, to 
,record as a single value the sum or the 
difference of two of more values, if the 
primary elements are suitably selected; . 
and .if proper recording elements are 
available, products and quotients are 
equally easy. Other combinations may be 
handled with proportionately greater 
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difficulty. Table I is a table classifying 
the functions of combiiling circuits} and 
indicating the locations in which they 
are most often applied. The selection of 
desirable combinations and the. choice of 
method must be left to the persmmel 
handling the. particular test.. The value 
of such combining circuits in increasing 
the amount of data that can be recorded 
with limited equipment should not be 
overlooked. 
It is the function of the research di-
rector to evaluate these factors and to 
decide which procedures are to be fol-
10wed.·He must balance probable value 
of the data against the cost of the test; 
he must decide whether field or labora-
tory tests, or both, should be made; and 
TABLE I.-CLASSIFICATION OF COMBINING 
CIRCUITS. 
Process: Where Performed: 
Addition ............. In measuring elements 
Subtraction ........... In measuring elements 
Multiplication ........ In recorder or computer 
Division .............. In recorder or computer 
Trigonometric conver- . . 
sion. ,.,;., ... ".,., .In measuring dement or com-
puter 
Differentiation, inte- .. 
gration., .... , ...... In measuring element, in ampli-
fier, or in computer 
he should consider the advantages of the 
several 'methods which might be used 
for taking and recording data, their 
relative. costs, and the probability of 
securing satisfactory data with each. 
In most instances, the economic factors 
prohibit the use of the most compre-
hensive methods; consequently the 
method which is to be used must be 
selected with due consi.deratiOn· to the 
'type of problem and to the type of 
analysis which is. required. 
ANALYSIS OF GRAPHIC RECORDS 
In most instances, measuring and re-
cording the unknown magnitudes is 
only a small part 6f the entire problem. 
Transcription ·and analysis of recorded 
data are usually' tedious and expensive, 
and it is not at all uncommon to find 
that it is economically necessary to take 
only the cream of thedata from a set of 
records. Careful planning of the entire 
test program can minimize loss of this 
kind. 
Transcribing and analyzing dynamic 
records involves three general phases-
transcription or "reading" of records, 
organization of the data for study,: and 
the computation and analysis of data. 
Each of these phases must be attacked 
by. a different method. Often, a fourth 
phase must be added-the physical 
interpretation of the mathematical 
analysis. 
The intelligence contained in graphical 
records may be classified in these three 
categories: frequency and magnitude of 
the unknown quantity; the harmonic 
content of the unknown, or the inter-
relations of the various frequencies 
recorded; and the coincidences of these 
from one location to another and from 
one tilIie to another. Within each of these 
rather general classifications other fac-
tors may be considered; for example, in 
vibration problems the most important 
items are usually mechanical resonances 
and damping coefficients. When these 
are the only data required, one may re-
gardthe recorded data from a more 
restricted viewpoint than otherwise 
might be permissible. Effectively, this 
simply means that short-cut methods 
may be used. Such short-cut methods 
may involve recording equipment which' 
is specially sensitive to certain fre-
quencies known to be critical; or, more 
effectively, equipment may be employed 
in . the labora tory to analyze records 
includillg all available frequencies. Har-
monic analyzers, for example, may be 
employed to plot the entire range of 
frequencies and their amplitudes; 
slightly more complicated. analyzing 
devices may' show not only . the fre~ 
quency-vers~ts-amplitude relationship but 
the phase relations between the com-
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ponents, and even the phase shifts from 
one gage location to another. These 
devices have long been considered too 
expensive and too complicated for .the 
industrial laboratory, yet some of the' 
simpler forms can be procured at a cost 
of only a few 'hundred dollars. Most re-
search laboratories can even extemporize 
such equipment. Figure 6 is a drawing of 
Frequency 
6 6'0 120 480 1,000 cps 
1 1 1 r-T---'---" ~-: .. -.., 
FIG. 6.-ReGord of Harmonic Analysis, 
a record taken with such an extemporized 
equipment; it shoyvs the harmonic con-
tent of a vibration pattern, expressed as 
a variable-amplitude oscillograph record. 
The harmonic content usually will dis-
close the source of the energy. . 
Location "Ai. 
r- ~;/ Location 
r ,~ 
"B" 
~
 
I:"" '"! 
. ! 
."". 
~ ~ Location ~"e" 
FIG. 7.-Characteristic Vibration Records. 
it is not uncommon, too, for the usable 
data in a specific problem to be preselited 
in a series of records,each involving a 
"key" frequency,or a tracer frequency. 
That is, some specific frequency, known 
to be an indication of difficulty, may be 
sought for in a number of locations; its 
relative magnitude, and. its phase at . 
these locations,. may show the behavior 
pattern of the structure or disclose the 
source of the disturbing frequency. As 
an example of this, Fig. 7 may be con-
s-idered; . in this drawing there are three 
. oscillograph traces,. each a record of' 
vibration at a different loc·ation. In 
each there is a strong component at one 
frequency, and a strong second harmonic 
. superimposed on it. There. are other 
disturbing' frequencies in two of, the 
traces, but through other tests they 
were shown to be subsidiary. The har- . 
monic analysis showed. the frequency 
components; the actual frequency and 
the phase relationships showed that in 
this case the magnetic .forces within the 
field windings of amo-ior were producing 
mechanical vibratioils in the associated 
,equipment-and they also showed away 
of eliminating the trouble. 
More often than not, it is the coinci-
dences between phase, magnitude, and 
frequency at different locations and at 
different tinles which indicates the ans-
wer to a problem involving dynamic 
conditions. Such coincidences may ap-
pear in anyone of a large number Qf 
forms; they can occasionally be dis-
. closed by tabulating maximum values 
from an oscillograph record, or they 
may be plain to the eye when a multi-
trace record is examined, as in the cor-
relation of seismograph records. There 
, are. many types. of. such coincidences; 
this paper can only mention their 
existence. 
A major difficulty in .many research 
programs is due to the .extremely large 
amount of data which can be taken 
in a short time with multi-chaIinel re-
cording equipment. These data are in 
the fo:rm· of oscillographic or similar 
records, and while they may be pre-
served indefinitely in this form, they 
must be transcribed before analysis. The 
mere task of transcribing such data to 
work sheets usually takes more' man-
hours, than the experimental work. There 
are meCD anical and electrical aids to the 
reading of such records~ but they have 
seen little application as yet. The incre-
mental data taken with' counter"'type 
equipment is not so handicapped, and 
such equipment is deservedly popular 
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for this reason. Unfortunately its, appli- , 
cation is limited. 
Undoubtedly at present the illost 
widely used method of reap-ing records 
is the visual one. This IS simply the 
exam ina tion of a record by eye" taking 
measurements from it by means of some 
sort of scale and recording the data as 
read on work sheets. This work may be 
made easier by using scales graduated 
directly in units of the unknown magni-
tude; and there are commercially-made 
magnifying and projecting devices which 
make the record easier to see; but at 
best it is a tedious business, and the. 
human error may become large. The 
method 'does have the advantage, how-
ever, of being applicable either in the' 
field or in the laboratory, and it is 
virtually indispensable' for exploratory, 
field tests when the rough data being 
taken must be used in the guidance of 
succeeding tests. 
Visual transcription of data may be 
detailed and comprehensive, if an ex-
perienced worker does it l or it may be 
cursory and incomplete. Intensive read-
ing of such records requires experience, 
and is tedious; but a skilled worker can 
read off not only magnitudes but much 
data with regard to ,.frequencies, phase 
relations, and interferences between phe:" 
nomena. 
Many records,' especially in vibration 
studies, may be badly contaminated by 
frequencies which though always present 
have no significance in, the analysis. 
'In some installations it may not be 
practical to eliminate the effect of all 
60-cyde signal. A skilled. record-reader 
can transcribe the desired intelligence 
from a badly contaminated record-one 
which to a less highly-skilled man would 
appear hopeless. It is always better to 
have clean, straightforward ~ecords, but 
the inability to produce them does not 
always prohibit completing a test. 
Drawings of three common ,types of 
contaminated records are shown in Fig.8. 
The first, at A, is a record of a low-fre-
quency sine wave contaminated by a 
higher frequency. This is easily resolved 
by drawing the envelope, drawing the 
average line through its center, and 
reading this line. The second, drawn at 
B, is a record of a transient, recorded on 
,a trace' heavily contaminated with a' 
lower frequency. Perhaps the most 
straightforward method of handling this 
is to plot the contamination, as at C, 
that are recorded when the combined 
signals contain harmonics. ' 
There are a number of instrumental 
'"I'"I',i, 
1" 
, :~ f. 
:, 
- methods for the transcription of such 
test records, but none of them has been 
widely used. Primarily, this is because 
the devices have nearly always been 
built to analyze variable-density optical 
records; or have been highly specialized 
systems' built for some very special 
application-usually one in which cost 
was no problem to the designers. So 
far, there have been no general-purpose 
-a instruments of this kind. 
t Such instruments could be built if the demand existed. Working models have ...... been made and tested, which can read off ,.,.. 0 the maxima, the rates-of-rise, the ,total-
Recorded trace ......... /""""\. ;V\A _" 1:2 !! 8 = ized duration, and even other .quantiti~s 
. V," ~ '\ B <J ~ eo from any reasonably good oscillographlc 
II' It ' '  . .s J !.::! .. record. The exploratory system pre-~ C k = H .. vIOusly mentIOned, and Illustrated m Error trace --.. ...... "'. . • • 
, ~ .. " ... 8 Fig. 5, is especially susceptible to such 
. s::: .... O!j "instrumental reading." Most harmonic 
It II ~ i'\.f\....:--DcDR 11"""1 • 
True trace - V V-, $4.... ~,... analyzers are capable of takmg a record 
~ !9 M !: Hand "readipg" it into their mechanism, CD," .• laif ,it is present~d to them in the proper 
a b' c ~ ,.... O. = form. 
E M .... 1 .. There has been, perhaps, more de-
. . ' '1: :; lit 1t -= velopment work done on. field instru-
. FIG. 8.-Analysls of Contammated Wave-Forms. ~ ... fa ....... ..... t h' h d ' th" d 1 
. .... - ...." ...... men s w IC pro uce elr recor s a,-
:1) ready converted to statistical avera.ges 
subtract it from the record, and plot up" and displayed on counters, than on 
the true value, as at D.ttf instruments which can transcribe' data 
, More confusing patterns may appear" :'1" from' the more detail~d conti?uous 
when two or more frequencies differing '~ record. In applications such as ride-
by only a small amount are recorded. 'P, roughness recorders, fatigue testing, and 
The' usual consequence is a record of shock-resistance for packages, devices 
interference frequencies, or beat fre- have been developed which can measure 
quencies. One such record is drawn at E. and indicate the magnitudes in this 
There is an ambiguity in this record manner. The applications, of course, are 
which may not be noted at first glance; those in which it has been found practical 
the wave length of the beat frequency is to correlate' such data to act1,lal condi-
the distance from a to c, rather than that tions, and to determine "indices of 
from a to b. damage." 
These are of course only simple ex- Not until the numerical values of the 
amples; the same principles are used in data have been transcribed to work 
interpre~ing the more complicated traces sheets can one begin the detailed process 
of computation and analysis. Even then, 
for efiectivestudy, the numerical data' 
must be suitably arranged.· 
The nature of :the problem, and the 
k;ind of magnitudes being measured, will 
determine the manner 'in which the 
data should be tabulated for study. In 
vibration problems-frequently the sim-
pler ones-one usually begins by tabu-
lating frequencies against amplitudes, 
and harmonic content in detail against 
potential sources of energy. In ride-
roughness study, the incidence of too-
high rates-of-change of acceleration will 
be tabulated against vehicle speed for 
each condition. As an indication of 
lading-damage, the incidence of accelera-
tions of certain values will be plotted 
against train speed-and so on. The 
selection of proper tabular headings is 
an art, to be learned pr~larily from 
experience. 
Before actual· analysis has proceeded 
far, it is usually desirable to assess the 
quality of t,he' recorded data. Each 
series of records should be classified as to 
the probable error from operating condi- ' 
tions,. from instrument idiosyncrasies,' 
and so forth. Poor records (in the photo-
graphic se~se, or from the standpoint of 
being difficult to read) should be so 
marked. An experienced worker can 
often detect instniment trouble from 
examining a record, without seeing the 
instrument. ' . 
As for the actual methods to be used 
,in the ,computation-there are a great 
many, and most of them are adequately 
described in the textbooks dealing with 
the treatment of experimenal data. In 
some respects, however, there, are fgnda- . 
mental differences between sta tic and 
dynamic work, and thi~ deserVes some 
discussion. 
Dynamic measurements,· from their 
very nature, are ordinarily subject to 
greater errors than an~ anticipated 
in static measureme~ts. First, because 
12 SYMPOSIUM ON DYNAMIC STimss DETER1VJ:INATIONS 
it is not possible to repeat readings, to 
average them, or to discard them if 
there is obvious error. Second, because 
the equipment is 'intrinsically less accu-
rate because it must respond to' rapidly-
changing values. And third, because' in 
many types of work the rate-oI-change 
is as important as the magnitude; thus 
there are two magnitudes being meas-
ured by a single instrument instead of 
one. Part of this loss of accuracy is re-
gained through the introduction of 
greater amounts of data into the analysis 
. and through the' use of statistical 
methods. On the other hand] too ener-
getic application of statistical methods 
has been known to conceal intelligence 
lurking behind small variations in raw 
data. . ' 
Graphical procedures are used in 
nearly all analyses, either as a method 
sufficient in itself or as a preliminary to 
other methods. The qualitative graph, 
in which a magnitude is plotted against 
time or against some other magnitude, is' 
an effective and a convenient means for 
the initial examulation of experimental 
data. It is also a means. of exploring for 
correlation, or stochastical relation] 
. rather than functional rel~tion. The 
quantitative graph ·is more often pre-
pared as a convenience in further 
computation] since its function is to 
display a mathematical relationship. 
Their difference is one of purpose rather 
than of appearance; the qualitative 
graph is intended to present a qualitative 
picture while the quantitative graph is 
intended to serve as a quantitative tooL 
Given a quantitative graph, it ~ay be 
necessary to employ some procedure to 
fit a curve to it. Ol)e usually begins this 
process by trying different coordinate 
axes. Polar plots and special statistIcal 
forms are often used. If none of these 
serve, then it will be necessary to apply 
the procedure of summing-up a set of 
simple relations, in ptinciple a method of 
successive . approximations. This pro-
cedure is described in many texts., alid no 
more need be said here than that it is a 
means of determining mathematical re-
lations from experimental. data. 
In analyses of experimental data, it is 
irriporta,nt to remember that the relation 
between ·two magnitudes may not be 
complete, or perfect. A partial de-
pendency is called a correlation, and the 
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FIG. 9.-Simplified Harmonic Analysis. 
term describing the degree of dependency 
is called th~ correIa tion· coefficient. 
Dynamic test· data very frequently 
display correlation between three or 
more magnitudes; the methods used in 
the analysis must be capable of dis.:. 
covering such relations, There are several 
available methods. . . 
As a first step, a qualitative graph may 
show that two magliitudes seem related; 
the plotted points define, roughly, a 
smooth curve. The width of the band of 
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plotted points is inversely proportional 
. to the correlation between. the magni- , 
tudes j if the dep~ndency is perfect the 
points will define a smooth and definite 
curve-only the errors in the data will 
serve to broaden the band of uncertainty. 
There are methods by which the correla-
tion coefficient between any two quanti- ' 
ties may be established. 
A graphical method by which har-
monic analyses may be easily performed 
is shown in Fig. 9. This system is 
especially applicable to ~xploratory tests] 
since the data may be taken and the 
analysis performed with no more equip-
ment than a measuring element]. a 
cathode-ray oscilloscope, and an oscil-
lator providing a sine wave of frequency 
equal to that of the uriknown. The pro-
cedure consists of applying the unknown 
,wave-form to the vertical plates of the 
oscilloscope, and a ,sine wave of the same 
frequency and phase t9 the' horizontal 
plates. The result is a single-line pattern 
somewhat like that drawn in Fig. 9, and' 
this patterninay be transcribed by any 
means desired-even to tracing it on thin 
paper with a pencil. 
. The procedure for computation re-
quires only simple arithmetic. The co-
ordinate axes are drawn in, the, abscissa 
divich~d as shown, and the maximum 
ordinate measured. The slant line from 
-: 1.0 to S is drawn, .andthe distances 
a, b, c, d, e, and f are scaled/off, calling 
distance down from the slailt line nega-
tive, and up positive. The' values thus 
determined are substituted into' the 
. equations· shown, and the amplitudes of 
the harmonics, V1, V2., Va, etc., obtained. 
Graphical methods . are often not 
sufficiently precise f?r analysis of even 
moderately complicated structures, so 
that' it becomes necessary to employ 
tabular means of computation. Many of . 
the'se are almost purely statistical. Pro-
cedures for refining experimental data 
by least-squares methods, by' weighting 
of values, and the like are well known; 
in these analyses, however, the quality 
of the records, as determined previously, 
should be considered. Statistical methods 
are most often applied to test the situ a-
bility or accuracy of relations derived 
either graphically or through. study of 
correlations. In this process the determi-, 
nation of the statistical "probable error" 
is usually necessary. 
The term "probable err9r" is perhaps 
unfortuna teo The' value referred to is 
really the "probable deviation 'from the 
observed mean," and it is of considerable 
'interest since it. can' indicate the quality 
of the work, tp.e reproducibility of test 
conditions, the uniformity of oper.ation 
of the entire system, and perhaps the. 
probable errors in the measurements . 
The "probable error" is based on the 
frequency distribution curve, which, is 
prepared by plotting the number of in-
dividual values against their magnitudes. 
The width of the resulting pattern 
indicates the deviation from the mean, 
'and the "probable error" can be .com-
puted, assuming normal frequency dis-' 
tribution. A continuation of the same 
mathematical process provides two other 
values, of perhaps greater utility; they 
are the criterion for .rejection of data 
and the index of precision. . 
There are several'differently derived 
criteria for the rejection of data, but all . 
have the same purpose; they define the 
maximum deviation which maybe con- . 
sidered permissible. All data with larger 
deviations: from the mean should be 
discarded. An index of precision is simply 
a term 'describing the' probability by 
which a single datum will differ from the 
mean by a certain amount. Both of these. 
are primarily of statistical interest arid 
. ;:tre of greater value ,vhen'large amounts 
of data, showing low correlation, must be 
worked up. Figure 10 is a normal fre-
quency distribution. curve, showing the 
average deviatiop., the "probable error," 
and the precision index of Gauss. 
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Another mathematical metl1od, which 
can be used even when there is not a 
sufficient bulk ~of data for the purely sta-
tistical methods, is the Fourier analysis. 
This provides a' mathematical solution 
for a recorded curve containing unknown 
frequency components. 'The Fourie'r 
analysis is based on the fact that any 
periodic function, however complicated, 
can be resolved into a summation of a 
number of individual sine waves. There 
are several procedures, all requiring the 
x 
Y = No. of observations 
r _h, 
IJ("Yo-rrr 
Yp=.197yo 
li 
x = ~agnitudes of observed valuell 
p:: "probable error" 
(I:. average deviation it: precision index 
FIG. lO.-Normal Frequency Distribution 
, Curve. 
order to mention the tabular methods 
for taking derivatives and definite inte-
grals, which are not nearly so well known 
as. the graphical ones, but occasionally 
more applicable. 
Of the mathematical instruments used 
in routine work, only the' polar 
planimeter . now has a really wide 
acceptance. This instrument gives the 
definite integral of a function; the inte-
grator, which can give in additioJl to the 
area the first and second moments, and 
the integraph; which produces the inte.:. 
gral curve of a function, are seldom found 
except in specialized laboratories. Elec-
trical integration and differentiation in 
the recording equipment have become 
almost. standard practice; the result, 
however,is not quite the same. 
Other mathematical and mechanico-
electrical instruments which might be 
mentioned are the mechanical harmonic 
analyzer, the electrical or' heterodyne 
harmonic analyzer, and the optical and 
photographic harmonic analyzers. In-
struments . of all three types have bee~l 
known for many year~ but never have 
received very extensive use. They de-
serve more attention froni the industrial 
laboratories. These instruments occur 
in many forms, fitted to a liumber of 
different needs; there. is not space here 
for any detailed descriptions. 
measurement of a number·of values on a.' In addition to the instmments men-
rdatively short length of the record- tioned above, there are now available a 
that is, a number (..'f individual measure- number of electrical and electronic 
men'ts l each of a dihel '!nt point on one devices for the solution of mathematical 
cycle of the unknown wave form .. Sta- problems, particularly those. inv01ving 
tis tical procedure requires a' relatively a set of simultaneous equations, and 
large number of individual values for any problem which maybe solved by a 
the same datum. Consequently, the method of successive approximations. 
Fourier analysis can be used when only a These range from t4e simple to the 
short record is available-only a few extremely complex. and expensive. 
cycles of a repetitive wave form, or, if There are also the well-known calcu-
desired, a single cycle of anon-recurring lators which are capable of the customary 
wave form can be analyzed. arithmetic operations and find wide use 
Before ending the description of in all branches of research. They need no 
mathematical methods, it may be in description. 
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INTERPRETATION OF DATA 
In general, the two questions: to be 
answered by a research project involving 
dynamic measurements are "What is 
happening?" and ':What harm is being 
done?" If the problem is to develop a 
new product, the first question is im-, 
portant; if there IS trouble with a present 
product, it is the second. Frequently 
both questions must be answered. 
There is usually a statistical answer to 
the question "What harm is being done?" 
An exploratory series of tests rna y es- ' 
tablish that strains of a certain magni-
tude will cause a certain amount of 
damage; then a routine series of tests will 
,be scheduled to determine the frequency 
of occurrence of such strain values under 
each of several sets of conditions. These 
~requenciesare then expressed as "indices 
of damage," or perhaps the structure or 
material is described as possessing such-
and-such a "resistance factor." More 
often than not, there is no specific index 
of damage; there are two or more 
correlated factors which together de-
scribe the condition. It is in the solution 
of problems whose answers can be ex-
pressed ,in this way that the counter-
type instruments are best applied. 
As to "What is happening?", there is 
not usually so simple a means of ex-. 
pressing the final solution. 11: may be 
clear from 2asual observation that there 
is vigorous activity in some part of a 
structure j the source of' energy causing 
that activity may be in some other part, 
or even outside the structure. It may be 
tracked to its source by measuring and 
comparing frequency and magnitude at 
a number of locations, and determining 
the resonant frequency and the damping 
~f several parts of the structure. Or the 
procedure may be quite different, in 
detail; the underlying principle will be 
much the same. The common factors in 
mechanical dynamic phenomena' are 
frequencies, amplitudes, and phase, 
whether they appear as strain, djsplace-
ment, velocity, or acceleration. In elec-
trical phenomena there are a]Jalogous 
quantities, and in thermal phenomena. 
Or, for that matter, in physiological 
behavior. 
Su.MM:.ARY 
Because of the large scope of the sub-
ject, and the limited time, this 'paper 
could not hope to give more t,han a 
generalized summary of the subject. It is 
hoped that it will serve as a means of 
guiding the interested person to more 
detailed information, which is available 
L.'1 the literature. No apology is offer~d 
for the complete lack of specific technical 
data; the discussion is intended for the 
man whose interests are general, and 
. for the director of research, who needs 
to know what can be done, and depends ' 
upon detai~ workers to do it; 
DISCUSSION 
MR. W. N. FINDLEyl (by letter):-I 
was pleased to see such a complete out- ' 
line of this important and difficult sub-
ject. It was a disappointment, however, 
to note the complete absence of technical 
detail. It is to be hoped tha tan addi- ' 
tional paper may be expected of the 
author in which the' most practical 
methods will be treated in detail. In the 
meantime it would add greatly to the 
usefulness of the paper if it were copi-
ously sprinkled with references to sources 
of detailed information. 
MR. T. J. DOLAN2 (by letter).-Mr. 
Roberts has presented the general as-
pects 'of the problems attendant to 
transcribing the results,eliminating con-
tamination, and assessing the quality of 
recorded data from various types of 
measuring systems. I should like to 
heartily endorse his statement that, 
"Dynamic measurements from their 
very nature are ordinarily subjected to 
greater errors' than are anticipated'in 
static measurements." Because of this 
intrinsiC difficulty, a careful analysis of 
the results requires' some knowledge of 
the accuracy and' precision of the as-
sociated equipment used in obtaining the 
record and of the calibration methods 
employed to appraise the value of 'the 
magnitudes involved. 'iVith' particular 
reference to deflection measurements or 
to amplitude-modulated systems, maliy 
errors may be hltroduced by instability 
1 Research Associate Professor of Theoretical and 
Applied Mechanics, University of Illinois, Urbana, Ill. 
Z Research Professor of Theoretical and Applied Me-
chanics, University of Illinois, Urbana, Ill. 
'of the, electronic circuits and their 
components, by cross-talk between chan-
nels of measurement, by interaction or 
electrical losses between various types 
of gages, and by beats with spurious 
sources of alternating current or' by 
general electrical "noise." 
These difficulties with electrical cir-
cuits immediately raise a question as to 
the reliability of the record and of the 
probably accuracy of the calibration 
method. If 'calibration is accomplished 
'by recording the static resp6nseof the 
equipment (such as by employing a 
static electrical potential, or a resistance 
, change, etc.) one has no assurance that 
the dynamic response is of the same 
nature as (or proportional to) the static 
calibration. Furthermore, the relative 
phase shift between two signals for 
which a comparison is ,desired (as well 
as the relative frequency response) may 
be altered by differences intheassociated 
electrical circuits involved in the 'meas-
urement, and hence may 110t be ac-
curately represented in the final record. 
It is only through careful advance plan-
ning and repeated checks on the per-
formance of the equipment that one can 
analyze the final result with an as-
suranCe that it accurately represents the 
quantities desired in their correct wave 
form and time sequence. For many types 
'of measurement' of mechanical phe-
nomena of short time duration there are 
no commercially available, inst{:uments 
that are capable of accurately recOrding 
16 
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the desired data. Since Mr. Roberts fundamental structural or mechanical 
has had a great deal of experience in actions. 
this field, it might be helpful if in his Mr. HOWARD C. ROBERTS (author's 
closure he could point out a few of the clos~tre).-The comments by Messrs. 
pitfalls that should be avoided in the Dolan and Findley are, much to the 
interpretation of records in view of these point; as ,a matter of fact others have 
many' possibilities of difficulties arising raised the same questions. Unfortunately 
from the inadequacies, of instrilmenta- , there are no simple and direct answers 
tion for dynamic measurements. , to these questions., ' 
After careful planning and develop- Mr. Dolan points out that the applica-
ment of equipment, proper placement of tion of a known resistance change (or a 
gages or pickup units; precise calibra- known potential) to the input of a 
tions and careful analysiS', one may measuring channel as a calibrating pro-
usually arrive at a satisfactory answer cedure does not necessarily produce the 
to the question, "What is happening?" ' same indication' on the record as would 
But as the author points out, there is a similar magnitude through the gage' 
often no 'specific index to measure circuit itself. This statement is contrary 
"damage"; hence it becomes extrePlely to much established practice' however 
difficul.t to ~nsy:er tl~;, question; "Wh~t it is quite true. In the gener~l case on~ 
harm IS berng done. ' Thus there stlll cannot be certain that a resistance 
remains the broader question ~s t? just change applied to a strain-gage bridge 
what the ~esults mean as a cntenon of will cause the same magnitud~ and kind 
the "techmcal worth" of the component f b 1 ' ld d' 
, . •• ' • 0 un a ance as wou a correspon mg tested 111 t~rms of ItS serVIce reqUlre-. ,. 
t Th' t h' 1 th . ht' b reSIstance change ill a gage due to men s. ' IS ec mca wor mIg e .' " '. ,. 
I made ,up of: (1) the suitability of the stram. In most ~pecIfic ~ases It can be 
component to perform the service ex- shown ~hat the differ.ence IS smallen?ugh 
, pected of it in a satisfactory mani.1er, and to be Ignore~, but 111 some exceptlonal 
(2) the durability and, s,tability of the, cases appreCIable errors occur. 
article when used for that servicecondi-. Phase errors and errors due, to in-
tion. adequate frequency,' response of the 
The final interpretation of the sig- equipment may usually be anticipated. 
nificance of what is happening must rely Good practice requires that the problem, 
upon knowledge of the behavior of ' first be analyzed so that the probable' 
'materials and past experience, with frequencies to be encountered may 'be 
similar components in service, whiCh ~s a estimated; . then the recording equip-
field entirely separate fr?m the ~ubJect ment must be made responsive to all , 
of.t~e paper. However, ill plal1lllllg the these frequencies. 'One can be fairly 
onglr:al measurements, one mus~ have certah1 that all frequencies are recorded 
suffiCIent knowledge of the serVIce re- . . d 
. d f th ' Cit hn' 1 If none of those appeanng on the recor qUlremen ts an 0 ,ese ec lca , .. 
h" f t ' t" bt . . app, roach the lImIts of response, but wort ac ors 0 rnsure 0 arnillg re:: ' , ' ' . '.. 
corded data that may be directly ap-' usually not otherWIse. It ,IS deSIrable to 
praised in terms of the knowledge avail-:' make frequent checks of the fr~quency 
able regarding the fundamental behavior a?d phase respon~e of the eqUlpme.nt, 
which measures the nearness of impend- smce both amplifiers and recordmg 
ing damage. In short, the measurements galvanometers can experience changes 
must serve as adequate indices of the durU1g service. 
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There is little material in the ljtera·. 
ture which is useful in. showing the 
performance of oscillographic recording 
systems.' IDstruments for measuring 
steady-state values, an.d for quite slowly 
varying magnitudes (recording poten-' 
tiometers, ink-writing milliammeters, 
arid -the like) have been thoroughly dis-
cussed in trade and other publications. 
The more complicated systems involving 
sensitive measuring elements in con-
junction with electronic amplifiers and 
recording oscillographs have not had 
such detailed treatment. The average 
purchaser 'is likely to take the manu-
facturer's specifications and be content. 
This is usually satisfactory if the entire 
system is supplied by orie manufacturer, 
but if the several elements of the system 
come from different sources, some rather 
surprising troubles may appear. In any 
case, the equipment must be properly . 
maintained and adjusted. For this,· a 
technician trained in this type of work 
is needed. . 
